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if {abs(cosa) > 1.0e-6)
alpha = ArcTan(sqrt(l - cosa * cosa) / cosa) * 180 / pi

else
alpha = 90.0
end if

L2_distance = abs (alpha * MinPerDegree * StatMiPerMin * KFPerStatMi)

SwitchX
SwitchY
density
num_SAs

*SA array
*feeder_cost
*feed_splice_cost
*ugd_cable
*pur_cable
*aer_cable
*ugd_fiber
*bur_fiber
*aer_fiber
*ugd_structure
*bur_structure
*aer_structure
*ManholeCost

local variables:

_from

_to

cut_ord
DistToNode
DistToSwitch
feeder_ distance
tcost
cable_cost
structure_cost
FillFactor
primfile

uc

bc

ac

uf

bf

af

then

rocedure optimize_ feeder_arrangemeant
variables passed in:

ss

feeder.pas

us
bs
as
mh

ac_structure
pct_ugd
pct_bur
pct_aer

xlon
ylat

this is a procedure within the procedure

procedure calculate_feeder_structure_costs

passed variables:
SwitchX

SwitchY
dénsity
*structure_cost
*FillFactor
*ugd_structure
*bur_structure
*aer_structure
*ManholeCost
*pct_ugd
*pct_bur
*pct_aer

local variables:
1

totlines
fib_lines
cop_lines
technology
n2016

né72

n9%é

n24

us

bs

as

mh

pu

pb

pa

{ This procedure calculates an
on average line density for the feeder network (given).}

totlines = zero

average structure cost for the feeder based
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for i = 1 to num_SAs
totlines = totlines + SA array(i].lines
next i

FillFactor = Fill_Factor_fn(density,1} (global.pas)

for i = 1 to NumbensZones
if (density >= CopFeedPlantMix(i].density) then
pct_ugd = CopFeedPlantMix[i].UgdPct
pct_bur = CopFeedPlantMix[i].BurPct
pct_aer = CopFeedPlantMix[i].AerPct
end if
next i

if {pct_ugd + pct_bur + pct_aer) < one then

(provisionally, assign half of "free" percentage to aerial, half to buried )

pct_aer = pct_aer + half * (one - pct_ugd - pct_bur - pct_aer
pct_bur = pct_bur + half * (ome - pct_ugd - pct_bur - pct_aer)

end if

«W - this is inconsistent with the way distribution does this same thing, dist'n assigns extra to portion with largest cost

i Now approximate feeder technology based on distance to switch |/

for 1 = 1 to npum_SAs
//not sure what DistanceType is
if DistanceType = 1 then
feeder distance = call L1_distance * FeederRoadFactor (feeder.pas)
pass variables:
X1 = SA_arraylil.x(1
X2 = SwitchX
Yl = SA_array(i].y(1]
Y2 = SwitchY
else
feeder distance = call L2 _distance * FeederRoadFactor (feeder.pas)
pass variables:
X1 = SA_arrayl(il.x[1]
X2 = SwitchX
Yl = SA_array(il.y[1]
Y2 = Switchy
end if

call calculate_feeder_technology {tech.pas)
pass variables:
feeder_distance
i
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density
FillFactor
*technology
*n2016
*ng72

*n9%é

*n24
pct_ugd
pct_bur
pct_aer

next i

{ Now calculate line-weighted average structure cost and pct bur, aer, ugd. }

structure_cost = zero
ugd_structure = Zero

bur_structure = zero
aer_structure = zero
ManholeCost = Zero
pct_ugd = z&ro
pct_bur = zero
pct_aer = zero

for i = 1 to num SAs
if SA_arrayli].feeder_technology = fiber then
fib lines =(SA_array(i}.n2016 + SA_array[i].n672 + SA_array{i}.n96
+ SA array(i).n24) * 4

structure_cost = structure_cost + SA_array[i].lines
* call structure_cost_ fn {(structur.pas)

pass variables:
0
fib_lines
density
SA_array(i].hardness
SA_array[i].DepthToBedrock
SA_array[i].SOilTexture
SA_array[i].MinSlope
SA_artay[il‘Maxslope
SA_array[i].wWaterTb
1
0
1
*us
*bs
*as
*mh
“pu
“pb
*pa

ugd_structure = ugd_structure + SA_array[i].lines * us
bur_structure = bur_structure + SA_array{i].lines * bs
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aer_structure = aer_structure *+ SA_arrayf(i).lines * as

ManholeCost = ManholeCost + SA_ arrayfi].

lines * mh

pct_ugd = pct_ugd + SA array[x) lines * pu
pct_bur = pct | “bur + SA array[x] lines * pb
pct_aer = pct_aer + SA_ array([i).lines * pa

else if SA_array(i].feeder_technology = t_1 then
= SA array(1] lines / 12

cop_lines

structure_cost

ugd_structure =
bur_structure =
aer_structure =

ManholeCost =

pct_ugd =
pct_bur =
pct_aer =

else

structure

= structure_cost + SA_array[i].lines

*

ManholeCost + SA_arrayl{i].

call -truetu:._cost_fn
pass variables:
cop_lines

0

density

SA_array[i] .hardness
SA_arrayli) .DepthToBedrock
SA_array[i].SOilTexture
SA_array[i].MinSlope
SA_array[i].Maxslope
SA_array[i].WaterTb

1

1

]

*us

*bs

*as

*mh

*pu

“pb

“pa

(structur.pas)

ugd_structure + SA _array(i]).lines * us
bur_structure + SA_arrayl[i]. lines * bs
aer_: “structure + SA _arrayl[il}. lines * as
lines * mh

pct_ugd + SA_array[i}.lines * pu
pct_bur + SA array[l] lines * pb
pct_aer + SAAarraytll lines * pa

cost

*

structure_cost + SA_array(i].lines
call structure_cost_fn
pass variables:
SA_array[i].lines

0

density
SA_array(i].hardness
SA_array[i].DepthToBedrock
SA_array[i].SOilTexture
sA_array[i].Minslope
SA_array(i] .MaxSlope
SA_array[i].WaterTb

1

1

0

*us

*bs

{structur.pas)
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end
next i

*as
*mh
*pu
“pb
“pa

ugd_structure = ugd_structure + SA _array{i}.lines * us
pur_structure = bur_structure + SA _array(i].lines * bs
aer_structure = aer_ “structure + SA array[x] lines * as
ManholeCost = ManholeCost + SA_array({i].lines * mh
pct_ugd = pct_ugd + SA , array(i}.lines * pu

pct_bur = pct_bur + SA artay[l] lines * pb

pct_aer = pct_aer + SA array[x] lines * pa

if

structure_cost = structure_cost / totlines
ugd_structure = ugd_structure / totlines
bur_structure = bur_structure / totlines
aer_structure = aer_structure / totlines
ManholeCost = ManholeCost / totlines

pct_ugd
pct_bur
pct_aer

= pct_ugd / totlines
= pct_bur / totlines
= pct_aer / totlines

procedure TevVerse_convert
passed variables:

xkf
ykE
reflon
reflat
*xlon
*ylat

local constants:

EarthRad
KFperMet

meters = £367723
: 0.00328083989501312

local varidbles:

Ndcire
EWCirc

start of procedure calculate_feeder_structure costs
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{ First, calculate structure costs to be used in tree calculation. }

call calculate feeder_ structure costs
pass variables:
SwitchX

Switchy
density
*structure_cost
*FillFactor

*us

*bs

*as

*mh

*pct_ugd
*pct_bur
*pct_aer

(feeder.pas)

ac_structure = ac_ugd struc * us + ac_bur_struc * bs + ac_aer_st * as
+ ac_manhole * mh }

{ Now we need to set up the distance matrix to be used by PrimTree. }

n = num Sas + 1
x[{1] = SwitchX
y{1l] = Switch¥

for i = 2 ton
x{i] = SA_array[i-1].x[1]
y[i]l = sA_array(i-11.y{1l}
next

for i = n+l to n + pum SAs
x{i} = SA_array[i—l-nuq_SAal.x[ll
y[i) = SwitchY

next

for i = n + num Sas + 1 to n + num Sas + num SAs
x[i] = switchX
yli] = SA_array[i—l—Z'nuq_SAs].y(l]

next

n=mn+ 2 * oum SAs

for i =1 ton

for 3 =1 ¢to i
if DistanceType = 1 then

dmtx{i}[j] = call L1l _distance * FeedarRoadFactor (feeder.pas)
pass variables:
X1 = x[i]
X2 = x[]]
Yl = yflil]
Y2 = y(3]

else
dmtx[i]) (j] = call L2 dist + FeederRoadfactor (feeder.pas)
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pass variables:
X1 = x{i})
X2 = x[j}
Y1 y{i]
Y2 = y(jl

[ ]

dmtx{[j) (i] = dmtx(i] [J]
end if
next j
next i

call prim_tree
pass variables:
n

dmtx

density
FillFactor
ac_structure

* from

*_to
*DistToNode
*DistToSwitch
pct_ugd
pct_bur
pct_aer

open the file primfile with filename = 'prim.asc’

write to primfile: ' _from

_to DtoNod DTOSW

for i = 1 ton
call revexse_convert
passing variables:
X1}

yi1i1

1ginx
farence latitude

write to primfile: _from(il, ' ', _tofi], ' '
DistToSwitch(il, ' ', Xlon,

next

[ Determine cuts by pruning branches }

(primfeed.pas)

X y'
(feeder.pas)
DistToNode (i}, ' ',
', yiat

{feeder.pas)
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call prune
pass variables:
n=n
_to = _to

*cut_ord = cut_ord

(primfeed.pas)

/Initialize disaggregated structure cost to per-kf values. Cumulate function willj

jreturn total disaggregated structure costsS. |}

ugd_structure = us
bur_structure = bs
aer_structure = as
ManholeCost = mh

! Accumulate lines at each node, and sum total feeder cost |}

call cumulate_lines
pass variables:
n

_to

DistToNode
DistToSwitch
cut_ord
structure_cost
density
FillFactor
*feeder_cost
«ugd_cable
*bur_cable
*aer_cable
*ugd_fiber
*bur_fiber
*aer_fiber
*ugd_structure
*bur_structure
*aer_structure
*ManholeCost
pct_ugd
pct_bur
pct_aer

for i = 1 to num SAs
SA_array[i].DistToSwitch = DistToSwitch[i+l)
next

)

(primfeed.pas)V

63

structur.pas

structur.pas
the only procedure used outside of this module is structure_cost_fn

function structure_cost_fn

passed variables:

copper_lines

fiber_lines

density

hardness

depth_to_bedrock

soil_texture

MinSlope

MaxSlope

WaterTb

feeder_indicator { tells us this is for feeder |}
copper_indicator | tells us there is copper )
fiber_indicator { tells us there is fiber |}
*ugd_structure

*bur_structure

*aer_structure

*manhole_cost

*pct_ugd

*pct_bur

*pct_aer

local variables:

i

critical_depth
soil_texture_indicator
fiber_cables
copper_cables

NumberOfDucts

ManholeSpacing

ugd_share

bur_share

aer_share

free_pct

pct_ugd = zero
pct_bur = zero
pct_aer = Z@exo
critical_depth = zexo
soil_texture_indicator = 0
fiber_cables =0
copper_cables =0
NumberQfDucts =0
ManholeSpacing = Zero
ugd_share = zero
bur_share = zero
aer_share = zero
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manhole_cost = zero
bur_structure = z@ro
ugd_structure = zero
aer_structure = z@ro

{ Calculate soil texture impact }
soil_texture_indicator = 0
for i = 1 to NumTexTypes
if SurfText[i].texture = scil_texture then
soil_texture_indicator = SurfText[i}.impact

end if

next
¥ - should sort the SurfText array, use binary search

{ Calculate structure distribution }
if feeder_indicator = 0 then { this Is for distribution plant }
for i = 1 to NumDensZones

if density >= DistPlantMix{i].density then
pct_ugd = DistPlantMix[i].UgdPct

pct_bur DistPlantMix[i].BurPect
pct_aer = DistPlantMix([i].AerPct
end if
next
else i this is for feeder plant }

for i = 1 to NumDensZones
if density >= CopFeedPlantMix[i}.density then
pct_ugd = CopFeedPlantMix(i].UgdPct
pct_bur = CopFeedPlantMix[i].BurPct
pct_aer = CopFeedPlantMix[i}].AerPct
end if
next

end if
*W - should set a density_index variable for use in all subsequent calculations, density does not change

{ Get sharing information }

for i = 1 to NumDensZones
if density >= Sharing(i)].density then
ugd_share = Sharing[i].Ugd share
bur_share = Sharing[i].Bur_ share
aer_share = Sharing[i}).Aer share
end if
next

{Calculate water table effect }

65

structur.pas

critical_depth = copper placement depth

if (copper_indicator = 1) and (fiber_indicator = 1) then
critical_depth = max(copper placement depth, fiber placament depth) (global.pas)

if (copper_indicator = 1) and (fiber_indicator = 0) then
critical_depth = copper_placement_depth

if (copper_indicator = 0) and (fiber_indicator = 1) then
critical_depth = fiber placement depth

free_pct = ome - pct_ugd - pct_bur - pct_aer
if free_pct < zero then free_pct = zero

{ Interact water table and rock hardness }

if (depth_to_bedrock < critical_depth) and (hardness = 'HARD') then
{use hard rock values}

for = 1 to NumDensZones
if density >= HardRockStruc([i].density then
if feeder_indicator = 1 then
ugd_structure = ugd_share * HardRockStruc(i].FeedUgd
bur_structure = bur_share * HardRockStruc[i].FeedBur
aer_structure = aer_share * HardRockStruc[i].FeedAer
else
ugd_structure = ugd_share * HardRocksStruc(i].DistUgd
bur_structure = bur_share * HardRocksStruc([i].DistBux
aer_structure = aer_share * HardRockStruc[i].DistAer
end if
end if
next

//looks like feed copper cable capacity is like maximum copper feeder size
1f feeder_indicator = 1 then
NumberOfDucts = round(copper_lines / feed coppsr cable capacity + half)
+ round{fiber_lines / fiber_ cable capacity + half) + 1

else
NumberOfDucts = round{copper_lines / dist copper cable capacity + half ) + 1
end if

if NumberQfDucts < 2 then NumberOfDucts = 2

for i = 1 to NumDensZones
if density >= MapholeSpac[i].dsnsity then
ManholeSpacing = ManholeSpacli] holeSpacing
end if
next

{attempt to find the manhole with the correct number of ducts}
for i = 1 to MmManholeSizes - 1
if NumberOfDucts >= ManholeCost[i].DuctCap then
manhole_cost = ManholeCost({i].HardCost / ManholeSpacing
{ manhole cost per foot for underground}
end if
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next

{add any extra cost 1f necesssary)
if NumberOfDucts > ManholeCost[NumManholeSizes~-1].DuctCap then
manhole_cost = manhole_cost + holeCost [, lasizes].HardCost
* (NumberOfDucts -~ ManholeCost[NumManholeSizes-1]*.DuctCap)

end if

else if (depth_to_bedrock >= critical_depth) and (soil_texture_indicator = 1) then
{ use normal values )

W - looks like soil_texture_indicator is not used properly, above test should result in 'soft rock' conditions

for i = 1 to NMumDensZones
if density >= NormalStruc(i].density then
if feeder_indicator = 1 then
ugd_structure = ugd_share * NormalStrucli].FeedUgd
bur_structure = bur_share * NoxmalStruc[i).F
aer_ structure = aer_share * sz-alst:uc[i].t::;§:§
end if

else
ugd_structure ugd _share * NoxmalStruc(i].DistUgd
bur_structure bur_share * NormalStruc[i].DistBur
aer_structure = aer_ghare * NormalStrucli].DistAer
end if
next

if feeder indicator = 1 then
NumberOfDucts = round(copper_lines / feed copper cable capacity + half
+ round(fiber_lines / fiber cable capacity + half} + !
else

NumberOfDucts = round( copper_lines/dist copper_ cable capacity + half ) + 1
end if

if NumberOfDucts < 2 then NumberOfDucts = 2

for i = 1 to NumDensZones
if density >= ManholeSpac([i}].density then
ManholeSpacing = ManholeSpac(i].ManholeSpacing
end if
next

for i = 1 to NumManholeSizes - 1
if NumberOfDucts >= ManholaCost[i].DuctCap then
manhole_cost = ManholeCost[i].NormalCost / ManholeSpacing
{ manhole cost per foot for underground}
end if
next

if NumberOfDucts > ManholeCost[NumManholeSizes-1].DuctCap then
manhole_cost = manhole_cost + ManholeCost[NumManholeSizes].NormalCost
* (NumberOfDucts - ManholeCost {NumManholeSizes-1].DuctCap)
end if

else { use soft rock values )
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*W - see note above

for i = 1 to NumDensZones
if density >= (SoftRockStruc(i).density) then
if feeder_indicator = 1 then
ugd_structure = ugd_share * SoftRockStruc([i].FeedUgd
bur_structure = bur_share * SoftRockStruc[i].FeedBur
aer_structure = aer_share * SoftRockStruc([i].FeedAer
end if
else

ugd_structure ugd_share * SoftRockStruc[i].DistUgd

oo

bur_structure = bur_share * SoftRockStruc{i].DistBur
aer_structure = aer share * SoftRockStruc[i].DistAer
end if
next

if feeder_indicator = 1 then
NumberOfDucts = round(copper_lines / feed copper cable capacity + half)
+ round(fiber_lines / fiber cable capacity + half} + 1

else
NumberOfDucts = round({copper_lines / dist copper_cable capacity + half) + 1

if NumberOfDucts < 2 then NumberOfDucts = 2

for i = 1 to NumDensZones
if density >= ManholeSpac([i].density then
ManholeSpacing = ManholeSpac(i].ManholeSpacing
end if
next

i = 1 tc NumManholeSizes - 1

if NumberOfDucts >= ManholeCost({i].DuctCap then
manhole_cost = ManholeCost([i].SoftCost / ManholeSpacing
{ manhole cost per foot for underground}
end if

next

if NumberQfbDucts > ManholeCost [NumManholeSizes-1].DuctCap then
manhole_cost = manhole_cost + manholeCost[NumManholeSizes].SoftCost
* (NumberOfDucts - ManholeCost[NumManholeSizes-1].DuctCap)
end if

end if
//adjust manhole cost for sharing
manhole_cost = ugd_share * manhole_cost * 1000 |{ results in dollars per kilofoot }

ugd_structure

ugd_structure * 1000

bur_structure = bur_structure * 1000

aer_structure

if

aer_structure * 1000

(MinSlope < MinSlopeTrigger} and (MaxSlope > MaxSlopeTrigger) then
ugd_structure ugd_structure * CombSlopeFactor
bur_structure = bur_structure * Comb$lopeFactor
aer_structure aer_structure * CombSlopeFactor
manhole_cost manhole_cost * CombSlopeFactor
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else if (MinSlope < MinSlopeTrigger) then
ugd_structure = ugd_structure * MinSlopeFactor
bur_structure = bur_structure * MinSlopeFactor
aer_structure = aer_structure * MinSlopeFactor
manhole_cost = manhole_cost * MinSlopeFactor

else if (MaxSlope > MaxSlopeTrigger) then
ugd_structure = ugd_structure * MaxSlopeFactor
bur_structure = bur_structure * MaxSlopeFactor
aer_structure = aer_structure * MaxSlopeFactor
manhole_cost = manhole cost * MaxSlopeFactor
end if

//adjust percentages so they balance to 1.0, throwing any difference into plant type
with largest dollar amount
if (ac_ugd struc * ugd_structure + ac manhole * manhole_cost)
<= min{ (ac_bur_struc * bur_structure) (global.pas)
, (ac_aer struc * aer_structure)}) then

pct_ugd = pct_ugd + free_pct

else if (ac bur_struc * bur_structure)
<= min((ac_ugd struc * ugd_structure + ac manhole * manhole_cost) (global.pas)
, (8c_aer struc * aer_structure}) then

pct_bur = pct_bur + free_pct

else if (ac_asex_struc * aer_structure)
<= min((ac_bur_struc * bur_structure) {(global.pas)
, {ac_ugd struc * ugd_structure + ac_manhole * manhcle cost)) then

pct_aer = pct_aer + free pct
end if

ugd_structure = pct_ugd * ugd_structure
aer_structure = pct_aer * aer structure
bur_structure = pct_bur * bur_structure
manhole_cost = pct_ugd * manhole cost

//this test should wrap this function, exit if there are no lines
if (copper_lines + fiber_lines) >= half then

structure_cost_fn = ugd_structure + bur_structure + aer_structure + manhole_cost
else

ugd_structure = zero

bur_structure = zero

aer_structure = zexo

manhole cost = zero
structure_cost_fn = zero
end if
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function feed_cable_ cost
passed variables:

local variables:

zero

= Z@ro
= Zero

zéero
zexro
zero
zero
zero
zexro

= 28xo

zeoro

be total lines

if lines < half then
feed_cable_cost = zero

(technology = copper26) or (technology = copper24) or (technology
if lines <= feed copper cable capacity then

for i = 1 to NumFeedCableSizes
*W - looks like cables are undersized here, test should be reversed, need to use break on this loop

if lines >= CopDistCost[i].CableSize then
{ costs are input per foot; we're working with kf }
ugd_copper = pct_ugd * CopFeedCost[i) .CostDgd * 1000
bur_copper = pct_bur * CopFeedCost (1] .CostBur * 1000
aer_copper = pct_aer * CopFeedCost[i].CostAexr * 1000
templ = ugd_copper + bur_copper + aer_ copper

end if

next

this module are feed_cable_cost and dist_cable cost
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else
for i = 1 to MumFeedCableSizes

if (round{feed copper_ cable capacity)) >= CopFeedCost(i].Sirze then
//this is integer division,calculating number of max size cables
templ = {round{lines) div round(feed copper_cable_capacity))
ugd_copper = templ * pct_ugd * Ccp!hchost[il c°stngd * 1000
bur_copper = templ * pct_bur * CopFeedlost[i}].CostBur * 1000
aer_copper = templ * pct_aer * CopFeedCost[i].CostAer * 1000
templ = ugd_copper + bur_copper + aer_copper

end if

//calculate residual cable size

if (round(lines) mod round(feed copper_cable capacity))

>= CopFeedCost[i]”.Size then

ugd2 = pct_ugd * CopFeedCost([i].CostUgd * 1000
bur2 = pct_bur * CopFeedCost[i].CostBur * 1000
aexr?2 = pct_aer * CopFeedCost(i].CostAexr * 1000
temp2 = ugd2 + bur2 + aer2

end if

next
end if

templ = templ + temp2

ugd_copper = ugd_copper + ugd2
bur_copper = bur_copper + bur2
aer_copper = aer_copper + aer2

4

V-24 Gauge copper is dtobeac itiplier of 26 gauge

if technology = copper24 then
feed_cable_cost = templ * multiplier 24
ugd_copper = ugd_copper * multiplier 24
bur_copper = bur_copper * multiplier 24
aer_copper = aer_copper * multipliex 24

else
feed_cable_cost = templ

end if

else { technology is fiber }

if lines <= fiber_ cable capacity then
‘W - see cable sizing note above
for i = 1 to NumFiberCableSizes
if lines >= FiberFeedCost{i].size then
ugd_fiber = pct_ugd * FiberFeedCost[i] .CostUgd * 1000
bur_fiber = pct_bur * FiberFeedCost{i].CostBur * 1000
aer_fiber = pct_aer * FiberFeedCost[i].CostAer * 1000
templ = ugd fiber + bur fiber + aer_fiber
end if
next
else
for i = 1 to NuaFiberCableSizes
*W - jooks like this should be fiber_cable_capacity
if {(round(feed copper cable capacity)) >= FiberFeedCost[i].Size then
*W - looks like this should be fiber_cable_capacity
templ = (round(lines) div round {fesd copper cable capacity))
ugd _fiber = templ * pct_ugd * FibexrFeedCost[i]. Co-tugd 1000
bur_fiber = templ * pct bur * FiberFeedCost[i].CoatBur * 1000

cable.pas

aer fiber = templ * pct_aer * FiberFeedCost[i].CostAer * 1000
templ = ugd_fiber + bur_fiber + aer_fiber
end if

*W - looks like this should be fiber_cable_capacity

if {(round(lines) mod round(feed copper_cable capacity))
>= FiberFesdCost([i].Size then

ugd2 = pct_ugd * FiberFeedCost[i].CostUgd * 1000
burz = pct_bur * FiberFeedCost{i].CostBur * 1000
aer? = pct_aer * FiberFeedCost[i].CostAer * 1000
temp2 = ugd2 + bur2 + aer2

end if

next
end if

templ = templ + temp2

ugd_fiber = ugd fiber + ugd2
bur_fiber = bur_fiber + bur2
aer_fiber = aer_fiber + aer2

feed_cable_cost = templ
end if

end if

function dist_cable_cost

passed variables:
lines

density

gauge

*ugd_copper
*bur_copper
*aer_copper
pct_ugd

pct_bur

pct_aer

local variables:
i

templ

temp2

ugd?2

bur2

aer2

ugd_copper = zero
bur_copper = zero

aer_copper = zero
templ = 2ero
temp2 = zero
ugd2 = zero
bur2 = zero
aer2 = zero

if lines <= half then
dist_cable_cost = zero

n
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else
templ = zexo
temp2 = Z@ro

if lines <= dist_coppcr_cable_capacity then
for i = 1 to NumCableSizes
/ - Jooks like cables are undersized here, test should be reversed, need to use break on this laop
if lines <= CopDistCost[i].CableSize then
ugd_copper = pct_ugd * CopDistCost[i].CostUgd * 1000
bur_copper = pct_bur * CopDistCost([i].CostBaur * 1000
aer_copper = pct_aer * CopDistCost[i].CostAer * 1000
templ = ugd_copper + bur_copper + aer_copper
end if
next
else
for 1 = 1 to NumCableSizes
if {round{dist copper_cable capacity) <= CopDistCost[i].CableSize) then
templ = (round(lines) div round (dist_copper_cable capacity))
ugd_copper = templ * pct_ugd * CopDistCost([i].CostUgd * 1000
bur_copper = templ * pct_bur * CopDistCost[i].CostBur * 1000
aer_copper = templ * pct_aer * CopDistCost[i].CostAer * 1000
templ = ugd_copper + bur_copper + aer_copper
end if

if (round{lines) mod round(dist copper cable capr ity))
>= CopDistCost[i].CablaSize then

ugd2 = pct_ugd * CopDistCost[i].CostUgd * 1000
bur2 = pct_bur * CopDistCost[i].CostBur * 1000
aer? = pct_aer * CopDistCost[i].CostAer * 1000
temp2 = ugd2 + bur2 + aer2

end if

next
end if

templ = templ + temp2

ugd_copper = ugd_copper + ugd2
pur copper = bur_copper + bur?2
aer_copper = aer_copper + aer2

if gauge = g24 then
dist_cable_cost = templ * multiplier 24
ud_copper = ugd_copper * multiplier 24
mr_copper = bur_copper * multiplier 24
ser_copper = aer_copper * multiplier 24
else
dist_cable_cost = templ
end if

end if
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the only procedure used outside of this module is calculate_prim_distribucion_cost

procedure cumulate_lines
passed variables:
GR
n { number of nodes )
_to
line_vector
DistToNode
DistTOSAL
cuts
density
FillFactor
*dist_cost
*ugd_cable
*bur_cable
*aer_cable
*ugd_structure
*bur_structure
*aer_structure
*ManholeCost

local variables:
Cc

1

ne

13

was_cut
g26_lines
g24_lines
structure_cost
cable_cost

technology

ucl

bcl

acl

uc2

bec2

ac2

us

bs

as

mh

penalty

pct_ugd

pct_bur

pct_aer

us = ugd_structure
bs = bur_structure
as = aer_structure
mh = ManholeCost

74



rimdist.pas

ugd_structure = gero
bur_structure = zero
aer_structure = zero
ManholeCost = zero
ugd_cable = rero
bur_cable = zero
aer_cable = zero
ucl = zero
becl = zero
acl = zero
uc? = zero
bc2 = zero
ac2 = zero

nc = cuts(l}

for i =2 ton
if cuts{i}>nc then
nc = cuts[i]
end if
next

for i =1 ton
was_cut[i] = false
next

for 1 =1 ton
926 lines[ij = zero
g24_linesli] = zero
next

for i = 2 ton
if DistToSAl[i] > copper gauge xover then

gZd_lines[i] = line_vector[i]
else

g26_lines{i] = line_vector|[i]
end if

next
dist_cost = zero

for ¢ = 1 to nc
for i =2 ton
if not{was_cut{i]) then
if cuts[il=c then
x = _tofil
g26_lines{k]
g24_lines[k]

= g26_lines(k] + g26_lines(i]

= g24_lines(k] + g24_lines(i]

if g26_lines{i] + g24_lines[i] > zero then
structure_cost = call structure_cost_fn

pass variables:

g26_lines([i)+g24_lines(i]

0

(structur.pas)
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density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb

0

1

0

*us

*bs

*as

*mh

*pct_ugd
*pct_bur
*pct_aer

cable_cost = call dist cabla_cost + call dist_cable_cost (cable.pas)
pass variables: pass variables:
g26_lines[i}] g24_lines(i]

density density
g26 g24
*ucl *uc2
*bel *bc2
*acl *ac2
pct_ugd pct_ugd
pct_bur pct_bur
pct_aer pct_aer

else

cable_cost = zero
structure_cost = zero
ucl = zero

bcl = zero

acl = zero

ucz = zexo

bc2 = zero

ac2 = zero

us = zero

bs = =zaero

as = zero

mh = zero
end if

if (g26_lines([i] + g24_lines([i]) > 1.0e-6 then

if DistToSAI[i] > max copper_distance then
penalty = MaxCopperPenalty

else
penalty = one

end if

*W - this penaity calculation is repested elsewhere
dist_cost = dist_cost + (structure_cost + cable_cost)
+« DistToNode{i] * penalty

ugd_cable = ugd_cable + (ucl + uc2) * DistToNode[i] * penalty
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bur_cable = bur_cable +
aer_cable = aer_cable +

ugd structure = ugd_structure
bur_structure = bur_structure
aer_structure = aer_structure
ManholeCost = ManholeCost

end if

was_cut[i] = true
end
end
next
next

srocedure prune

passed variables:
n { number of nodes )
_to

* cut_ord

loval variables
total_cuts
cut_num

was_cut

7es-

]

Sut_it

total cuts = 0

for i =1ton
cut_ord{i] = 0
next

cut_num = 1

for i =1 ton
was_cut[i] = false
next

repeat
for i =2 ton
if not (was_cutli)) then
cut_it = true
for j = 2 to n do
if not {(was_cut(il) then
if _to(j]l = i then
cut_it = false

end if

+
+
+
+

us
bs
as
mh

(bcl + bc2)
{acl + ac2)

>
*
*
*

* DistToNode[il}
* DistToNode[i]

DistToNodel[i}
DistToNode({i}
DistToNode[i]
DistToNode (i}

+
*
-
*

* penalty
* penalty

penalty
penalty
penalty
penalty

primdist.pas

end if
next

if cut_it then
cut_ord[i] = cut_num
was_cut{i] = true
total_cuts = total cuts + 1
end if
end if
next

cut_num = cut_num + 1

until total cuts = n - 1

function provisional_cost
passed varlables-

bt identifier for drop terminall
mnn;terms tofalnumberiof dt 5K}
lines

GR

dist { distance to the tree )

dist2SAl { distance to the SAI via tree |}
density { average density for tree }
FillFactor

/calculates a provisional distribution cost for a given customer based on allocating
hoth structure and cable cost between the customer and the tree, and a cable cost
only for the entire distance from the customer to the SAIL.

local variables:
cable_cost
n2016

ne72

n96

n24

gauge

uc

be

ac

us

bs

as

mh
structure_cost
ac_structure
ac_cable
penalty
pct_ugd
pct_bur
pct_aer
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i <= nom teins ‘{iook oniy A 11Vd noded;  which are indexed 1. num terms)
{ First, make the technology determination. }

if dist2SAI > copper_gaugé xover then

gauge = g24
else

gauge = g26
end if

if dist2SAI > max copper_distance then
penalty = MaxCopperPenalty

else
penalty = one

end if

{ Now calculate structure and cable costs.)

structure_cost = call structure_cost_fn
pass variables:
lines
0
density
GR.hardness
GR.DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTh

(structur.pas)

O

0

*us

*bs

*as

*mh
*pct_ugd
*pct_bur
*pct_aer

ac_structure = ac ugd struc * us + ac_bur struc * bs + ac_aer struc * as
+ ac_manhole * mh

cable_cost = call dist _cable cost
pass variables:
lines
density
gauge
*uc
*bc
*ac
pct_ugd
pct_bur

(cable.pas}

primdist.pas

pct_aer

ac_cable = aq_ugq_cop * uc + ac_bur_cop * bc + ac_aer_cop * ac

if lines > 0 then

provisional_cost = (dist * ac_structure + dist2SAI * ac_cable) * penalty
else
provisional_cost = zero
_end if

Geistonalicost = didt/1000

end if

procedure prim_tree
passed variables:

GR

n { number of nodes, including SAI }
line_vector

dmtx | distance matrix}

density { density for SA }

FillFactor

* _from { 1ist of lots, with #1 = SAI }

*_to { lot that each node points to |
*dist2node ! distance from each lot to next node }
*dist2SAl / distance to switch from each lot )

tocal constants:
dlarge = 999399999.9

iocal variables:

T W b

c

di

d2s

min

idx

dist

dist2

cost
technology

for 1 = 1 to n do

a[i) = true
b{i} = 0
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c{i] = dlarge
dl(i] = zaro
next

c[l] = zero
d2s[l] = zero

for i = 2 ton
d2s{i] = dmtx[i]) (1)
next

i=1

for 1 = 2 ton
min = dlarge
for k =2 ton
if (k <> j} then
if a[k] then
dist = dmtx[j} (k]

cost = call provisional_cost

pass variable

i

nim terms
lines =
GR =
dist =
dist2SAI =
density =
FillFactor =

if cost < c[k] then

c[k] = cost

dl[k] = dist

bkl =13
end if

if min > c[k] then
min = cfk]

1 =k
dist2 = di[k} +
end if
end if ( if a[k] }
end if
next k
j=1

a{jl = false
d2s[l] = dist2

next i
for i = 2 to n do

_from(i] = i
_to[i] = b{i}

an’ terms
line_wvector[k]
GR

dist

dist + d2s{j)
density
FillFactor

d2s{blk]}

N

(primdist.pas}
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dist2node{i] = dl{i]
dist2SAI{i] = d2s[i}]
next

_from[l] =1

_to(l) =1
dist2node(l] = zero
dist2SAI{l] = zero

procedure get_lines
passed variables:
GR
density
Iow
col
NS_lots
EW_lots
lines
*n
*line_vector
*x
*y
*drop_terminal_cost
*MG_nid_cost
*drop_cost
*drop_feet

local variables:
i

3

factor
lines_per_lot
total_lots
drop_length
pct_ugd
pct_bur
pct_aer

tmp

us

bs

as

mh

drop_terminal_cost = zero
total_lots = EW_lots * NS_lots
lines_per_lot = lines / total_lots

i=1
loop while i <= EW_lots

factor = one
j =1
loop while j <= NS_lots
{ Take in lots on both sides,

top and bottom, unless this is a microgrid }
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{ border, in which case take in lots only on one side. If it is the )
{ corner, take in only one lot. } ! Now we need to calculate drops to customer locations }
if (i = EW_lots) or (i = NS_lots) then drop_length = user lambda * 0.5
factor = 2 + sqrt{sqr{(l / NS_lots) * GR.MicroGridNS * DistRoadFactor)
else + sqr{(l / EW_lots) * GR.MicroGridEW * DistRoadFactor))
factor = 4 + (1 - user lambda) * .5 * (1 / NS_lots) * GR.MicroGridNS * DistRoadFactor
end if
if drop_length > max drop length then
if (i = EW_lots) and (j = NS_lots) then drop_length = max drop length
factor = one End if
end if
drop_cost = total_lots * drop_length * cost_per drop kf
n o= n+l

drop_feet = total_lots * drop_length
line_vector{n]) = factor * lines_per_lot
{ Finally, calculate cost of nids for this microgrid )
x[n] = GR.LowerLeftX *+ (col - 1) * GR.MicroGridEW + i * (one / EW_lots)

y{n] = GR.LowerLeftY + (row - 1) * GR.MicroGridNs + j * (one / NS_lots) MG_nid_cost = nid cost * total_lots
tmp = call structute_co.t_fn (structur.,pas}
pass variables: . procedure calculate prim distribution_cost
1ine_vector[n] passed variables:
0 GR .
density num_SAIs
GR.hardness SAIX
GR.DepthToBedrock SAIY
GR.SoilTexture density
GR.MinSlope FillFactor
GR.MaxSlope lines
GR.WaterTb flag
o +*prim_distribution_cost
i *prim_line_feet
0 *prim_drop_feet
*us *prim_drop_cost
*bs *prim_nid_cost
*as *prim_lines_served
*mh *prim_term_cost
*pct_ugd +*MaximumDistance
*pct_bur *ugd_cable
*pct_aer *bur_cable

*aer_cable
*ugd_structure

drop_terminal_cost = drop_terminal cost *bur_structure
+ call drop_terminal_cost fn (terminal.pas) *aer_structure
pass variables: *ManholeCost
factor * lines_per_ lot
density local variables:
pet_ugd i
pct_bur 3
pct_aer n
k
3=3 + 2 midx
end loop (j <= NS_lots) midy
lots
1= i+2 EW_lots
end { while i } N5_lots
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area
cable_cost
structure_cost
total_lines
SAI_LinkDistance
tl_lines

gauge

penalty

uc

be

ac

us

bs

as

mh

dmtx

X

Y

line_vector
_from

_to

cut_ord
DistToNode
DistToSAIL
route_distance
tcost
grid_dropterm_cost
grid_drop_cost
grid_nid_cost
grid_drop_feet
dist_cost

rest

prim_distribution_cost =
prim_drop_cost =
prim_nid_cost =
prim_term_cost
prim_drop_feet =
ugd_cable =
bur_cable =
aer_cable
ugd_structure
bur_structure
aer_structure
ManhecleCost
MaximumbDistance
prim_line_feet

0

[/ .

W

for x = 1 to num_SAls

{ First, we need to set up the distance matrix to be used by PrimTree. )

Zero
Zexo
zero
zero
zZaro
Zzaro
Zaxo
Zero
zero
zero
zero
zero

= Z@ro

zarxro

x(1] = SAIX[k]

yil} = SAIY[X]
line_vector{l) = rero
n=1

primdist.pas

for 1 = 1 to GR.nrow
for j = 1 to GR.ncol

if (flag{i,3j) = k) and (lines{i,j] > zero) then
lots = round(GR.households([i,j] * takerate)
+ round(GR.buslines(i,j} / lines_pex_ bus)

call lot divide
pass variables:
lots

*NS_lots
*EW_lots

call get_lines
pass variables:
GR

density

i

]

round (NS_lots)
round (EW_lots)
lines(i,31

*n

*line_vector

*x

*y
*grid_dropterm_cost
*grid_nid_cost
*grid_drop_cost
*grid_drop_feet

prim_drop_cost = prim_drop_cost +
prim nid_cost = prim_nid_cost +
prim term_cost = prim_term_cost +
prim_drop_feet = prim_drop_feet +
end if
next j

next i

fiti Cerms: W H S0 minber Of drop ternindle,

{ASETSHeLhBY ifutict Lon’ fiodes at edch
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grid_drop_cost
grid_nid_cost
grid_dropterm_cost
grid_drop_feet
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row

for i = 1 to n do
for 1 = 1 to i do
dmtx[i][§] = (abs(x[i] - x[3]) + abs(y[il - y{i})) * DistRoadFactor
dmtx[§) (i} = amtx{i][]]
next 3
next i

{ Now calculate the spanning tree. |

call prim tree
pags variables:
GR

0

line_vector
dmtx /
density

FillFactor

* from

*_to

*DistToNode

*DistToSAI

(primdist.pas)

{ Determine cuts by pruning branches }

call prune (primdist.pas!t
pass variables:

n

_to

*cut_ord

{ Accumulate lines at each node, and sum total feeder cost |}

call cumilate_lines
pass variables:

(primdist.pas)

GR

n

_to
line_vector
DistToNode
DistToSAI
cut_ord
density
FillFactor
*dist_cost
*uc

*be

*ac

*us

*bs

*as

"1 werwint thie nuitBer ot Yive nodesito include the SAL '}
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*mh

prim_distribution_cost = prim_distribution_cost + dist_cost

ugd_cable = ugd_cable + uc
bur_cable = bur_cable + bc
aer_cable = aer cable + ac

ugd_structure = ugd_structure + us
bur_structure = bur_structure + bs
aer_structure = aer_Structure + as
ManholeCost = ManholeCost + mh

for i =1 ton
if DistToSAI{i) > MaximumDistance then MaximumDistance = DistToSAI{i]
next

for i =1 ton
prim_line_feet = prim_line feet + line_vector{i] * DistToSAI[i]

next

next k
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e three procedures available outside of this module are:

cumulate_lines
prune
prim_tree

rocedure cumulate_lines
passed variables:
n { number of nodes }

_to

DistToNode
DistToSwitch
cuts
structure_cost
density
FillFactor

*bur_cable
*aer_cable
*ugd_fiber
*bur_fiber
*aer_fiber
*ugd_structure
*bur_structure
*aer_structure
*ManholeCost
pct_ugd
pct_bur
pct_aer

local variables:
c

i

nc

k

was_cut
g26_lines
g24_lines
tl_lines
fiber line
FIBSETERBYEN
cable_cost
technology
n201é

n672

n%6

n24

ucl
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bel
acl
ufl
bfl
afl
uc2

bc2
ac2
uf2
bf2
af2
uc3
bc3
ac3
uf3
bf3
af3
ved
bed4
aes
uf4
bfd
okd
us
bs
as
mh
fecel
fee?

fib_lines

us = ugd_structure

bs = bur_structu

Te

as = aer_structure

mh = ManholeCost

ugd_structure =
bur_structure =
aer_structure =
ManholeCost =
ugd_cable =
bur_cable =
aer_cable
ugd_fiber =
bur_fiber
aer_fiber
ucl

bcl

acl =
ufl
bfl =
afl
uc2
bc2
ac2
uf2 =

1]

1

zero
zexo
zaro
zero
zexro
zero

= Z&rxo

zero
zero
zero
earo
Zzexro
zero

= Zaxo

Zzerxro

= ZOro

zero
zerxro
zaxro
zZ8Xo
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bf2
af2
uc3
be3
ac3
uf3
bf3
af3

; First, make the technology determination.

for

next

for

next

for

zaxro
zexo
zero
zero
zero
zero
zero
zexo

E T T T T A ]

i=2¢%ton
if i <= pum_Sas + 1 then
call cllculato fesder_technology
pass variables:
pistToSwitch[i]
i -1
density
FillFactor
*technology
*n2016
*n672
*n9%6
*n24
pct_ugd
pct_bur
pct_aer

ne = cuts{l) for i = 2 to n do if cuts[il>nc then nc = cutsf{i

end if

i=1¢ton
was_cuti} = false

i=1¢ton

g26_lines{i] = ZERO
g24_lines(i]} = ZERO
t1 lxnes(i] = ZERO

next

for

i=2¢ton
if i <= num Sas + 1 then

primfeed.pas

select case SA_array
case copper2é
g26_linesl[i)

tl_lines[i]

case copper2d
g24_lines[i}

\ tl_lines(i]
)
(tech.pas)

case t_1

t1 lines[i)

case fiber
fiber linesl

end select
next
end 1f

feeder cost = ZERO
feeéd splice_cost = EERO

for ¢ = 1 to nc
for i = 2 ton

{i-1].feeder_technology

= SA_arrayfi-1]. ResLines / FillFactor

+(SA_ array[x 1}.Buslines

- 11 / 12 * sA_array{i-1]. SwitchedDS1

- 11 / 12 * SA_arrayli-1]. SpclAccessDSl) / FillFactor

= (SA_arrayli-1].SwitchedDS1
+ SA_array{i-1]. SpclhccessDSl) / FillFactor

= SA_array{i-1].ResLines / FillFactor
+(SA_arrayli-1]. BusLines
- 11 / 12 * sA_array(i-11. SwitchedDS1
- 11 / 12 * SA_array[i-1}. spclAccessDS1) / FillFactor

= (SA_array{i-1]. SwitchedDS1
+ SA_arrayl[i-1]. spclhccessDS1) / FillFactor

= (SA_array({i-1].Reslines / FillFactor
+ SA_arrayl(i-11. BusLines / FillFactor)
* tl_ rednndlncy factor / 12

i} = (SA_arrayli-il. n2016 + SA_array(i-1]1.n672
+ SA array[1 1].n96 + SA_ array[l 1]1.n24)
« 4 / FiberFillFactor

if not{was_cut{i]) then
if cuts{il=c then

x = _toli]

g26_lines({k)
g24_lines[k]
ti_lines(k]

= g26_lines{k} + g26_ lines(i}
= g24_lines(k] + g24_ lines (i)
=tl 11nes[k] + tl_ limes({i}

(do . £ibeéx lines £irst}
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{cable.pas} cable_cost = call feed cable_cost
pass variables:
g26_lines(i}
density
copper26

*ucl

*becl

*acl

*ufl

*pfl

*afl

pct_ugd
pct_bur
pct_aer

(cable.pas)

+ call feed_cable_cost (cable.pas)
pass variables:
g24_linesiil
density
copper24
*uc?

*bc2
*ac2
*uf2
*pf2
*af2
pct_ugd
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pct_bur
pct_aer

+

call feed cable_cost
pass variables:
tl_lines(i)
density

t 1

*uc3

*pe3

*ac3

*uf3

*bf3

*af3

pct_ugd
pct_bur
pct_aer

(cable.pas)

if (g26_lines{i] + g24_lines{i] + tl lines{i}+ fiber_cables([i}}
> 1.0e-6 then
feeder_cost = feeder_cost + (structure cost + cable_cost)
* DistToNode({1i]

ugd_cable = ugd_cable + (ucl + uc2Z +

bur_cable = bur_cable + {(bcl + bc2 +

aer cable = aer cable + (acl + ac2
o ;

* DistToNede[i]
* DistToNode[i]
* DistToNode[i}

DistToNode(i}
DistToNode[i]
DistToNode[i]

ugd;structure
bur_structure bs

ugd_structure *
+
aer_structure + as
+

bur_structure
aer_sc:ucture

*

B oHonow
*

ManholeCost ManholeCost mh * DistToNode[i]
end if
was_cut{i] = true
end if
end if
next i
next ¢
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procedure prune
passed variables:
n { number of nodes }
_ro
*cut_ord

local variables:
total_cuts
cut_num

was_cut

i

3

cut_it

total_cuts = 0

for 1 =1 ton
cut_ord[i] = 0

next

cut_num = 1

for i =1 ton

was_cut(il = false
next
repeat

for 1 = 2 ton

if not (was_cut{i}) then
cut_it = true
for 3 = 2 ton
if not (was_cut{jl) tnen
1f _to[j] = i then
cut_it = false
end if
end if
next

if cut_it then
cut_ord[i]
was_cut (i}
total_cuts
end if
end if

cut_num
true
total_cuts + 1

U ]

cut_num = cut_num + 1

until total _cuts = n -1

function provisional_cost
passed variables:
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dist
dist2switch
density
FillFactor
ac_structure
pct_ugd
pct_bur
pct_aer

local variables:

cable_cost
n2016

n672

n96

n24

lines
technology
uc

bc

ac

uf

bf

af
sai_index

—~

indexes the SAI }

distance to the tree |

distance to the switch via tree )
average density for tree }

fCalculates a provisional feeder cost for a given SAI based on allocating both
structure and cable cost between the SAI and the tree, and a cable cost only for
rhe entire distance from the SAI to the switch. |

if i <= pum SAs then

{look only at "live" nodes, which are indexed 1..num_SAs |

{ First, make the technclogy determination. }

call calculate feeder_technology

pass variables:

dist2switch
i

density
FillFactor
*technology
*n2016
*n672

*n96

*n24
pct_ugd
pct_bur
pct_aer

{tech.pas)

{ Now calculate structure and cable costs, assuming that geologic factors
throughout feeder route are the same as those rfor this SA. }
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select case t

case fibe
lines

case t_1
lines

case else
lines

end select

cable_cost =

if lines > 0
provision

else

echnology

’e
= (n2016 + né72 + n96 + n24) * 4 / FiberFillFactor

= SA_array(il.lines * t1_redundancy_factor / 12

= SA_arrayl(i).ResLines / FillFactor + {SA_array(i}].Buslines
- 11 / 12 * SA_arrayli].SwitchedDS1
- 11 / 12 * SA_arrayli].SpclAccessDS1) / FillFactor

call feed_cable_cost
pass variables:
lines

density
technology

*uc

*be

*ac

*uf

*bf

*af

pct_ugd
pct_bur
pct_aer

(cable.pas)

then

al cost = dist * ac structure + dist2switch
* {ac_ugd cop * uc + ac_bur cop * bc + ac_aer_cop * ac
+ ac_ugd fib ¢ uf + ac bur fib * bf - ac_aer_fib * af

provisicnal_cost = zero

end if

else

provisional_cost = dist / 1000

end if

procedure prim tree

passed variables:
n {
dmtx {
density {
FillFactor
ac_structure
*_from

*_to
*dist2node

-

number of nodes, including switch }
distance matrix }
average density for tree )

list of SAIs, with #1 = switch }
SAI that each node points to |/
distance from each SAI to next node }
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mfeed.pas

+dist2switch
pct_ugd
pct_bur
pct_aer

local constants:
dlarge = 999999999.9

local variables:

i
3
k
1
a
b

dli

dZs

min

idx

dist

dist2

cost
technoleogy

for i

next

cl1}
d2s (11}

for i

next

for 1

{ distance to switch from each SAIL }

dmtx[i} 1]

then
if alk] then

primfeed.pas

if min > c{k] then

di{k] + d2s{ blk] 1]

dist2switch (i)

dist2switch(l)

call provisional_cost
pass variables:

(primfeed.pas)



nsai.pas
msai.pas
. only procedure used outside of this Ffunction is get_link_cost

)cedure cumulate lines
passed variables:
n { number of nodes |}
_to
ds0_lines
DistToNode
DistToPrimary
cuts
density
SA
*link_cost
*term_cost
*ngé
*n24
*ugd_cable
*bur_cable
*aer_cable
*ugd_structure
*bur_structure
*aer_structure
*ManholeCost

local variables

¥

was_cut
ti_lines
cable_cost
technology
structure_cost
uc

bc

ac

uf

bf

af

us

bs

as

mh

tmp
pct_ugd
pct_bur
pct_aer

3 e o

technology = t_1

nc = cuts(l}

primsai.pas

for i =2 ton
if cuts[i}>nc then
nc = cuts[i)
end if

for i =1 ton
was_cutii) = false
next

for i =1 ton
tl_lines[i] = zero
next

for i = 2 ton
t1l_lines(i] = dsO_lines[i] * t1_redundancy_factor /12

next

link_cost = zero
term_cost = zero
ugd_cable = zero
bur_cable = zero
aer_cable = zerxo

ugd_structure = zero
bur_structure = zero
aer_structure = zero
ManholeCost = zero

for ¢ = 1 to nc
for i = 2 ton
if not(was_cut(i]) then
if cuts{i]=c then

k = _tofi]

:1_1inesik] = rl_linesik] + tk‘lxnesill

if tl_llneslil > half then

tmp = call structure cost_fn

pass variables:
tl_lines{i]
0
density
SA.hardness
SA.DepthToBedrock
SA.SoilTexture
SA.MinSlope
SA.MaxSlope
SA.WaterTb
1
1
0
*us
*bs
*as
*mh
*pct_ugd
*pct_bur
*pct_aer

else
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(structur.pas)
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imsai.pas

end

tmp = call structure cost_fn

if

(structur.pas)
pass variables:
9999

0

density
SA.hardness
SA.DepthToBedrock
SA.SoilTexture
SA.MinSlope
SA.MaxSlope
SA.WaterTb

1

1

0

*us

*bs

*as

*mh

*pct_ugd
*pct_bur
*pct_aer

structure_cost = tmp

if tl_lines[i] > half then

else

tmp =

tmp =

call feed cable cast
pass variables:
tl_lines[i]
density

t 1

“uc

*bc

*ac

*uf

*bf

*af

pct_ugd
pct_bur
pct_aer

(cable.pas)

call feed cable cost
pass variables:
9999

density

t_1

*uc

*be

*ac

*uf

*bf

*af

pct_ugd
pct_bur
pct_aer

{cable.pas)
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end if

cable_cost

= tmp

if tl_lines[i] > half then

tmp =

else
tmp =
n96
nz4 =
end if

term_cost
link_cost
ugd_cable
bur_cable
aer_cable

ugd_struct

aer_struct

ure = ugd_structure + us * DistToNode[i] * DistRoadFactor
bur_structure = bur_structure + bs * DistToNode(i] * DistRoadFactor
ure = aer_structure + as * DistToNode([i] * DistRoadFactor
ManholeCost = ManholeCost + mh * DistToNode([i] * DistRoadFactor

was_cut[i]
end if
end if
nexe i
next ¢

procedure prune
passed variables:
n { number of nodes }
_to
*cut_ord

local variables:
total_cuts
cut_num

was_cut

i

3

cut_it

total_cuts = 0
for i =1 ton

cut_ord(i] = O
next

call tl_terminal_cost_fn
pass variables:
ds0_linesii)

*n96

*n24

(terminal.pas)

ac24
0
1

= term_cost + tmp

= link_cost + (structure_cost + cable_cost)
DistToNode[i] * DistRoadFactor

*

= ugd_cable + uc * DistToNode({il] *DistRoadFactor

= true

bur_cable + bc + DistToNode{i] * DistRoadFactor
= aer_cable + ac * DistToNode(i] * DistRoadFactor



